OBJECTIVE: To investigate the relationships among subcutaneous fatness, subcutaneous adipose tissue (SAT) distribution, somatotype and risk factors for coronary heart disease (CHD). SUBJECTS: The sample included 1410 (715 male and 695 female) youths and adults from the Que Â bec Family Study. MEASUREMENTS: Six skinfolds and the dimensions necessary for the derivation of the Heath-Carter anthropometric somatotype (endomorphy, mesomorphy, ectomorphy) were measured. The six skinfolds were summed to provide an index of subcutaneous adiposity (SUM). In addition, the trunk-to-extremity skinfold ratio, adjusted for SUM using regression procedures (TER), and the ®rst principal component (PC1) of skinfold residuals (also adjusted for SUM) were used to indicate SAT distribution, independent of the overall level of fatness. Risk factors for CHD included systolic and diastolic blood pressures, and fasting glycaemia, triglycerides (TGs), plasma cholesterol, high and low density lipoprotein (HDL-C and LDL-C) cholesterol, and the HDL-Catotal cholesterol (CHOL) ratio. RESULTS: In general, SUM was positively correlated with endomorphy and mesomorphy, and negatively correlated with ectomorphy. On the other hand, SAT distribution was not associated with somatotype, except in females where TER and PC1 were negatively correlated with mesomorphy. Results of forward stepwise regression analyses to predict CHD risk factors, indicated that a signi®cant proportion of the variance in the risk factors could be accounted for by SUM, SAT distribution and somatotype (up to 16%). SUM is the best predictor, entering the regressions ®rst (most important) in six of 15 signi®cant regressions in males and 14 of 16 signi®cant regressions in females. Somatotype components enter as predictors 10 times in males, and six times in females. Similarly, TER and PC1 enter as predictors nine times in males and ®ve times in females. CONCLUSIONS: Somatotype is related to SUM, while somatotype and SAT distribution are largely independent of one another. Furthermore, SUM, somatotype and SAT distribution are signi®cant predictors of biological risk factors for CHD.
Introduction
The prevention of coronary heart disease (CHD) is a public health priority, as heart disease remains the leading cause of death in the United States. 1 Among the risk factors for CHD and related disorders such as Type 2 diabetes, a truncal, or central distribution of adipose tissue is of concern. Centralized body fat is associated with CHD and mortality, 2 ± 4 and Type 2 diabetes. 5, 6 Furthermore, central fat distribution is associated with other biological risk factors for CHD and Type 2 diabetes, such as elevated serum triglycerides, 7, 8 low high density lipoprotein (HDL)-cholesterol (HDL-C), 9 hypertension 10, 11 and indicators of insulin and glucose metabolism. 12 ± 15 Physique, or the overall con®guration of the body, may also play an important role in health and disease. 16, 17 Historically, physique has been assessed most often using the somatotype, a three component index which includes endomorphy, mesomorphy and ectomorphy. 17 Early methods of somatotyping, such as those of Sheldon and colleagues 18 and Parnell, 19 relied on the analysis of photographs, while the more recent Heath-Carter 20 anthropometric method relies completely on anthropometric dimensions. The various types of somatotype (Sheldon, Parnell, and Carter and Heath protocols) have been studied in relation to CHD 21 ± 28 and risk factors for CHD such as serum lipid levels, 29 ± 32 blood glucose levels, 33, 34 and blood pressure. 31,35 ± 37 A physique characterized by high endomorphy and mesomorphy may increase the risk for degenerative diseases such as CHD and Type 2 diabetes.
Given the focus on both subcutaneous adipose tissue (SAT) distribution and physique as risk factors for disease, an issue which remains to be addressed, is the degree to which somatotype and SAT distribution are related, and whether they are independently related to risk factors. Mueller and Joos 38 indicated that the Sheldonian photoscopic somatotype was related to the degree of central adiposity in adult males. Sheldon et al 39 used photographs of 824 men in the Atlas of Men which indicated that android obese men were rated higher on mesomorphy and lower on ectomorphy than gynoid obese men. Among youth, the Heath-Carter 20 anthropometric somatotype was related to relative fat patterning, those with a centralized subcutaneous fat distribution were higher in endomorphy and mesomorphy, and lower in ectomorphy. 40 However, neither study controlled for overall fatness, and further research is thus required to better determine the nature of the relationship in both youth and adults.
The current research focus is largely on fatness and relative SAT distribution and their relationship with disease. However, there is renewed interest in incorporating other measures into risk pro®les. Perhaps physique may be an important predictor for disease risk, beyond what is explained by fatness and SAT distribution. The purpose of this study was to (1) determine the relationships between subcutaneous fatness, relative SAT distribution and physique, as assessed by the Heath-Carter 20 anthropometric somatotype protocol, and (2) determine the contributions of an estimate of total subcutaneous fat, indicators of SAT distribution and somatotype, to each of the risk factors.
Methods

Sample
The sample included 1410 (715 males and 695 females) participants from Phase I of the Que Âbec Family Study (QFS), 1978 ± 1981. 41 The sample was divided into youth (9 ± 18 y) and adult (30 ± 49 y) gender speci®c age groups. The sample of youth included siblings; however, the adult sample consisted of unrelated individuals. The subjects were of French Canadian ancestry and were recruited from the greater Que Âbec City area. All procedures were approved by the Medical Ethics Committee at Laval University.
SAT Distribution
A single trained anthropometrist measured skinfolds at the biceps, triceps, medial calf, abdominal, subscapular, and suprailiac sites, with a Harpenden caliper (John Bull, British Indicators Ltd, England) to the nearest 0.5 mm. The skinfold measurements were individually reproducible with intraclass coef®cients ! 0.94, whereas the intra-observer technical errors of measurement ranged from 1.0 mm for biceps to 2.1 mm for suprailiac. 42 The values were summed to provide a single measure of subcutaneous adiposity (SUM).
The ratio of the sum of trunk (subscapular, suprailiac, abdominal) skinfolds to the sum of extremity (triceps, biceps, medial calf) skinfolds (TER) was used as an index of relative SAT distribution. Since ratios of trunk to extremity skinfolds are related to overall fatness, 43, 44 it was regressed on SUM, and the residuals were retained to represent an index of relative fat distribution independent of overall level of subcutaneous fatness.
Principal components analysis was also used to estimate SAT distribution using the procedures described by Deutsch et al 45 and Baumgartner et al. 46 Skinfolds were ®rst transformed to natural logarithms. Each log transformed skinfold was then regressed separately on the log mean skinfold of the individual within gender and age groups. The standardized skinfold residuals were retained for further analysis, to represent the skinfold, adjusted for the effects of mean subcutaneous fatness. Principal components analysis was then performed on the standardized skinfold residuals to evaluate the underlying distribution of SAT. The ®rst principal component score (PC1) was saved and was used as an index of relative SAT distribution, independent of overall level of subcutaneous fatness.
Somatotype
Anthropometric dimensions necessary for the derivation of the Heath-Carter anthropometric somatotype were also taken. Somatotype was estimated 20 as follows:
where X is the sum of the triceps, subscapular, and supraspinale skinfolds, adjusted for stature.
B. Mesomorphy
0X858 Â biepicondylar breadth (cm)
0X601 Â bicondylar breadth(cm)
where CAG corrected arm girth ¯exed arm circumference (cm) minus triceps skinfold (cm), and CCG corrected calf girth maximal calf circumference (cm) 7 medial calf skinfold (cm)
where SMR stature mass ratio stature cm mass kg p
If any somatotype component is zero or negative, a value of 0.1 is assigned, because, by de®nition, a rating cannot be zero or negative. 20 The technical errors of measurement were`0.3 somatotype units, and intraclass correlations for repeated measurements were ! 0.96. 42 
CHD risk factors
Blood pressures. Systolic (SBP) and diastolic (DBP) blood pressures were measured in the fasted state with a sphygmomanometer and stethoscope early in the morning, with the subject in a supine position after a 10 min rest period following the recommendations of the American Heart Association. 47 Blood sample. A venous blood sample was obtained early in the morning, after the blood pressure measurements were taken, following a 12 ± 14 h fast. Blood was collected into vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ, USA) without anticoagulant and was allowed to clot at room temperature for 30 min. The blood was then centrifuged at 1500 g for 20 minutes. Serum was stored at 7 80 C.
Serum lipids. Total cholesterol (CHOL) and triglycerides (TGs) were determined using the Abbot VP system (Abbott, South Pasadena, CA). CHOL was assayed by an enzymatic method, using the commercial kit CHOD-PAP of Boehringer (Mannheim, Germany). TGs were assayed with the single enzymatic method of Abbott Laboratories using the commercial kit A-GENT (Abbot, South Pasadena, CA). HDL-C was separated from lipoproteins of lower densities by the phosphotungstate 7 Mg 2 precipitation technique. 48 The cholesterol content of the supernatant was determined by the same method as CHOL. LDL-C was estimated by using the Friedewald et al formula. 49 Reliability of the serum lipid determinations have been presented elsewhere. 50 Plasma glucose. Fasting plasma glucose (GLY) was enzymatically measured with the techniques of Richterich and Dauwalder. 51 
Statistical analysis
The relationships between indicators of SAT distribution and somatotype components were evaluated using correlation analyses. Since somatotype is a three component index, analyses were performed both with and without adjustment of the other two somatotype components, by regression procedures. Additionally, the sample was divided into those with a predominantly central SAT distribution and those with a more peripheral SAT distribution using the upper and lower tertiles of the TER and PC1. Differences in somatotype between individuals in the upper and lower tertiles of the distribution of TER and PC1 were determined using the protocol of Cressie et al.
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The ®rst step was to perform an overall MANOVA between the groups. Univariate F-tests were then performed to determine which components were contributing to the signi®cant difference.
To evaluate the relationships among subcutaneous fatness, relative SAT distribution, somatotype and risk factors for CHD, forward stepwise multiple regression analyses were performed with each risk factor as the dependent variable. Given the high degree of concordance between SUM and endomorphy in de®ning fatness, endomorphy was not used in the prediction equations. Mesomorphy and ectomorphy were retained to represent physique. SUM, TER, PC1, mesomorphy and ectomorphy were ®rst adjusted for age within each age and gender group, by applying the linear regression:
The residuals of the age-adjustment regressions were retained and used as the independent variables in the prediction of risk factors. All analyses were performed using statistical package for social sciences (SPSS) procedures. 53 
Results
Descriptive anthropometric characteristics of the subjects are presented in Table 1 . In each age group, males are signi®cantly taller and heavier, and have a greater mean TER and lower SUM than females. Male youth are also more mesomorphic and ectomorphic than females, whereas adult males are more (Table 2) . PC1 represents a trunk-extremity contrast, whereas the second component varies among age and gender groups, and is dif®cult to interpret. The direction of the factors for PC1, trunk skinfold residuals positive and extremity skinfold residuals negative, indicate that individuals with high factor scores have a more centralized distribution of SAT, whereas those individuals with lower factor scores have a more peripheral distribution of SAT.
Correlations between subcutaneous fatness (SUM), the two indicators of relative SAT distribution and somatotype components are presented in Table 3 . The results are presented both for the raw somatotype component and for each component after adjustment for the other two components by regression procedures. Correlations between SUM and endomorphy (range 0.94 ± 0.98) and mesomorphy (range 0.41 ± 0.53) are positive. On the other hand, correlations between SUM and ectomorphy are consistently negative ( 7 0.64 to 7 0.71). The correlations are lower when each somatotype component is adjusted for the other components.
Correlations between indicators of central SAT distribution and somatotype are low with few trends. Among females, both TER and PC1 have negative correlations with mesomorphy, indicating that higher trunk fat is associated with lower mesomorphy. The correlations are similar in direction after adjusting for the other somatotype components, but are greater in magnitude. Correlations among TER, PC1 and other components approach zero and generally are not signi®cant.
Results of the MANOVAs for somatotype between individuals in the lower and upper tertiles of the TER and PC1 indicate that males with a relatively greater central distribution of SAT (upper tertile) do not signi®cantly differ in somatotype from males in the lower tertile (Table 4) . Among females, however, those in the upper tertile of PC1 and TER have lower mesomorphy than those in the lower tertile. Thus, females with a greater relative proportion of trunk fat appear to be less mesomorphic than those with relatively more extremity fat.
The results of the forward stepwise multiple regression analyses for the prediction of risk factors from The results for the relationship between subcutaneous fatness (SUM) and somatotype are concordant with other studies. Subcutaneous fatness is positively related to endomorphy and mesomorphy, and negatively related to ectomorphy. Seltzer and Mayer 54 compared somatotypes of 180 obese adolescent girls with 67 non-obese school girls of the same age. The obese adolescents were more endomorphic and mesomorphic, and less ectomorphic than the school girls. Similar trends have been reported for obese women. 55 In this sample of youth and adults, there was generally no association between somatotype and SAT distribution. Among males, those in the highest tertile of the TER and PC1 did not differ in somatotype, while females in the upper tertile were less mesomorphic than those in the lower tertile. The results are also consistent with those of the correlational analyses, which demonstrated no association between SAT distribution and somatotype, with the exception of negative correlations between central SAT distribution and mesomorphy in females.
The results are not consistent with those of other studies which have attempted to associate SAT distribution and somatotype. Among Basque youth aged 8 ± 19 y, those with a centripetal fat distribution, were higher in endomorphy and mesomorphy, and lower in ectomorphy than those with a peripheral fat distribution in both sexes. 40 Alternatively, men who were characterized by an android (central) distribution of body fat, rated higher in mesomorphy, but lower in endomorphy. 38 Although the results of these studies suggest an association between relative fat distribution and somatotype, neither controlled for level of overall fatness, as in the present study. Thus, the Physique, fat distribution and risk factors PT Katzmarzyk et al evidence suggests that somatotype may be related to subcutaneous fatness, and not relative fat distribution per se.
Prediction of risk factors
To our knowledge, no single study has attempted to simultaneously quantify the contribution of subcutaneous fatness, SAT distribution and physique, to risk factors. The results suggest that up to 16% of the variance in risk factors for CHD can be explained by subcutaneous fatness, relative SAT distribution and physique. Among males, ®ve of the 15 regressions explained ! 10% of the variance, while seven explained ! 5%. In females, two of the 16 regressions explained ! 10% of the variance, while nine explained ! 5%. Subcutaneous fatness per se appears to be the best predictor, especially in females; however, neither SAT distribution nor somatotype, appeared to be a better predictor than the other. Given that subcutaneous and visceral abdominal adiposity are related, some of the associations found between risk factors and subcutaneous adiposity could be explained by the relationship with visceral fatness. Placed within a population health perspective, the ability to explain up to 16% of the variance in risk factors by using anthropometric measures is an important ®nding.
Blood pressure SBP and DBP are best predicted by TER in males, suggesting a role for central fat distribution. Similarly, TER and PC1 are important predictors of DBP in females, and of SBP in adult females, in conjunction with SUM. Using the adult sample from the QFS, Despre Âs et al 11 demonstrated signi®cant correlations between subcutaneous fatness (skinfolds), percentage body fat (underwater weighing), the TER, and both systolic and diastolic blood pressures. Furthermore, analysis of variance (2Â2 factorial with ®xed effects) indicated that percentage body fat had a signi®cant effect on DBP and SBP, whereas fat distribution per se only had an effect on DBP in men. On the other hand, Robinson and Brucer 35 found that males and females characterized as stocky or lateral in build were at a greater risk for hypertension, based on the ratio of chest circumference to height. Malina et al 31 found low correlations between individual somatotype components and blood pressures; however, in the present study, somatotype was a predictor of both DBP and SBP in males. Thus, the prediction of blood pressure appears to be increased when multiple physique and SAT distribution measures are incorporated into the model.
Lipids
Given the association between blood lipid levels and the risk of cardiovascular disease (CVD), the relationship between physique or SAT distribution and blood lipids has received considerable attention. In the present study, SUM appears to have an impact on the prediction of HDL-C and HDL-CaCHOL. In both males and females, the regression coef®cient for SUM is negative for these variables, which is in the expected direction. In other words, greater subcutaneous fatness is associated with lower levels of HDL-C. The blood concentration of HDL-C was signi®-cantly associated with abdominal fat in a sample of men from the QFS. 9 Although a portion of the association was mediated by serum TG concentrations, there was still a signi®cant association between HDL-C and abdominal fat, independent of obesity and serum TG concentrations. Similarly, among obese premenopausal women, the concentration of plasma TGs increased signi®cantly as the waist-to-hip ratio (WHR) increased. 13 There is also considerable evidence which suggests that physique is related to blood lipid concentrations. Gertler et al 30 found that endomorphic men had higher cholesterol and phosopholipid concentrations than ectomorphic men, while mesomorphic CHD patients had poorer blood lipid and cholesterol concentrations than less mesomorphic patients. Similarly, Tanner 29 demonstrated a correlation of 0.39 between endomorphy and cholesterol concentration in 46 healthy adult men. Among adults of the QFS, correlations between blood lipids and cholesterol were negative with ectomorphy in males, and positive with endomorphy in females. 31 The evidence thus suggests that a physique characterized by high endomorphy and mesomorphy may increase the risk for CHD by having a poor blood lipid pro®le.
Blood glucose
The relationship between physique and blood glucose has also been investigated. In the present study, glycaemia is best predicted by SUM in both males and females, suggesting that the absolute amount of subcutaneous fat is important in explaining the variance in glucose metabolism. Among migrant Tamil Indians, diabetic subjects tend to be more endomorphic and mesomorphic than non-diabetics. 33, 34 Similarly, adult males and females from the QFS in the upper quartile for glycaemia were signi®cantly more endomorphic and less ectomorphic than subjects in the lowest quartile, while females in the upper quartile were also more mesomorphic than those in the lowest quartile. 31 SAT distribution per se also appears to be associated with insulin and glucose metabolism. Among healthy, obese women, those in the upper quartile for the WHR, had reduced carbohydrate tolerance and higher plasma insulin concentrations than women in the lowest quartile, independent of age and degree of obesity. 12 Similarly, android Japanese American women demonstrated higher fasting blood glucose and insulin concentrations than gynoid women, as well as a poorer response to a oral glucose tolerance test (OGTT). 6 Physique, fat distribution and risk factors PT Katzmarzyk et al
Multiple risk factors
Using canonical correlation analysis, skinfolds on the trunk were more related to CHD risk factors (cholesterol, glucose, uric acid, TGs, SBP, DBP) than skinfolds on the extremities, in a sample of men and women aged 18 ± 65 y, suggesting that a central SAT distribution is also a risk factor for CHD. 7 Using a similar approach in children aged 6 ± 14 y, Sangi et al 56 found that 19 ± 61% of the variance in cholesterol, pulse, SBP, DBP4, DBP5 could be explained by ®ve skinfolds; however, the patterns of the loadings were dif®cult to interpret. Additionally, Pearson correlations between single anthropometric indices and the risk factors were low, rarely reaching 0.30. Thus, the authors concluded that the association between SAT distribution and risk factors was not as strong in children as it is in adults; however, they acknowledged that different results may have been obtained if they had used a more complete list of risk factors. 56 Results of the present study indicate signi®cant associations between SAT distribution and risk factors in both youth and adults, once the effects of overall fatness were accounted for.
A few patterns by age and gender can be seen in the regressions. For example, SUM appears to be a very important predictor in females, entering 14 of 16 of the regressions ®rst, whereas it enters ®rst in only six of 15 regressions in males. Thus, total subcutaneous fat is a strong predictor of risk factors in females. The risk factors are generally better predicted in adults than youth. For each risk factor, the variance explained is higher in adults than youth, except for glycaemia and LDL-C in males, and for SBP and HDL-C in females (equal variances).
Conclusions
The rationale for studying the relationship between risk factors and disease is to identify those individuals who are at increased risk for a disease, such that modi®able risk factors may be altered before the disease develops. It is also important, therefore, to determine the relationships between risk factors, so that independence of a given risk factor may be determined. The results of the present cross-sectional study demonstrate that SAT distribution and somatotype may be independent risk factors for disease, as they are not signi®cantly related. Subcutaneous fatness appears to be the best predictor of risk factors, however, both SAT distribution and somatotype (ectomorphy and mesomorphy) are also important predictors. Prospective study designs are required to determine which risk factor (total fatness, somatotype or fat distribution) may be more important in de®ning future disease risk, and whether incorporating the three factors plus measurements of abdominal visceral fat levels may improve the de®nition of risk.
